Objective: This study aimed to evaluate the validity and reliability of a Korean version of the Mood Disorder Questionnaire-Adolescent version (K-MDQ-A) as a screening instrument for bipolar disorders in adolescents. Methods: One hundred two adolescents with bipolar disorders and their parents were recruited from November 2014 to November 2016 at 7 training hospitals. One hundred six controls were recruited from each middle school in two cities of South Korea. The parent version of the original MDQ-A was translated into Korean. The parents of all participants completed the K-MDQ-A. The diagnoses of bipolar disorders were determined based on the Korean version of K-SADS-PL. The test-retest reliability with a 10-month interval was investigated in 33 bipolar adolescents. Results: K-MDQ-A yielded a sensitivity of 0.90 and a specificity of 0.92 when using a cut-off score of endorsement of 5 items, indicating that symptoms occurred in the same time period and caused moderate or serious problems. The internal consistency of the K-MDQ-A was good. The correlations between each item and the total score ranged from 0.40 to 0.76 and were all statistically significant. Factor analysis revealed 3 factors that explained 61.25% of the total variance. The mean total score was significantly higher in bipolar adolescents (7.29) than in controls (1.32). The Pearson correlation coefficient for the total test-retest score was 0.59 (p＜0.001). Conclusion: The K-MDQ-A completed by parents showed the excellent validity and reliability and may be a useful screening tool for adolescents with bipolar disorders attending in-and outpatient psychiatric clinics.
INTRODUCTION
In the Systematic Treatment Enhancement Program for Bipolar Disorder, 27.7% of the first consecutive 1,000 adult bipolar patients developed bipolar disorder at a very young age (age, ＜13 years), and 37.6% developed bipolar disorder at a young age (age, 13-18 years). Early onset was associated with greater likelihood of comorbid anxiety disorders and substance abuse, more recurrences, shorter euthymic periods, and greater rates of suicide attempts and violence. 1) Thus, bipolar disorders have their onset at an early age, with a mean onset between the ages of 15 and 19 years, as reported in reviews on the initial prodrome and recognition of bipolar disorders 2, 3) and they follow a serious course of illness. However, there is skepticism about the prevalence, validity and stability of bipolar disorder in children and adolescents outside the
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United States 4) bipolar disorder is rarely diagnosed, and there is no epidemiological report in children and adolescents in South Korea. Inaccurate or missed diagnosis of bipolar disorder in childhood may lead to poor prognosis. Many children and adolescents with bipolar disorders are not treated appropriately. 5, 6) When bipolar disorder has in essence occurred, the appropriate intervention in the early stage should prevent progress of the disease. Interventions in the earliest phases give an opportunity to prevent the disease from progressing and resulting in undesirable sequelae in high risk youths with such as family history. 7) Therefore, early identification and intervention for children and adolescents with bipolar disorders need particular consideration. 8) To improve the diagnosis of bipolar disorders among children and adolescents in different practices, validity and reliability of questionnaires must be assessed using multiple informant strategies. 9) Therefore, a screening tool for bipolar disorders including I, II, not otherwise specified (NOS), and cyclothymia in an adolescent population, the Mood Disorder Questionnaire-Adolescent version (MDQ-A), has been developed. In accordance with the original MDQ-A validation study, the parent report was superior to the adolescent self-report and attributional report in terms of how the adolescent believed teachers or friends would describe one's symptoms, for sensitivity and specificity in an outpatient psychiatric population. 10) Moreover, although screening tools for bipolar disorder in adults are translated and used in Korea, 11, 12) the tools for children and adolescents are not yet available in Korea. Hence, this study aimed to test the Korean version of the parent report of the MDQ-A (K-MDQ-A) in an adolescent in-and outpatient psychiatric population. We examined the test-retest reliability of the K-MDQ-A, as well as the validity of both instruments with respect to the reference diagnosis based on the Korean version of the Schedule for Affective Disorders and Schizophrenia for School Age Children-Present and Lifetime version (K-SADS-PL).
13)

METHODS
Participants and Procedure
This study was conducted at the outpatient and inpatient facilities of seven training hospitals (five university hospitals and two mental hospitals) that treat adolescents living in seven cities of South Korea. One hundred two adolescents with bipolar disorder were recruited from November 2014 to November 2016 from all sites. The diagnosis of bipolar disorder was determined based on the Korean version of K-SADS-PL, a semi-structured diagnostic interview based on the Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM-IV) criteria, by each author who was a life member of the Korean Society for Mood Disorders and an expert in the field of mood disorders or child and adolescent psychiatry. The control group consisted of students who were recruited from each middle school in two cities of Korea. All 106 controls were academically well-adjusted, physically healthy and showed no signs of psychiatric or developmental problems. All participants met the age criteria of age between 12 and 17 years. The parents of the participants completed the K-MDQ-A. The test-retest reliability was examined, at an interval of about 10 months between assessments, among 33 adolescents by some authors (H.M.S, J.H.L., and S.H.S).
Written informed consent was obtained from all participants and their parents. The protocol for the research project has been approved by a suitably constituted Ethics Committee of an institution, and it is conformed to the provisions of the Declaration of Helsinki. The institutional review board of the participating hospitals approved this study protocol (Soonchunhyang University Cheonan Hospital, Catholic University of Daegu, Naju National Hospital, Konkuk University Chungju Hospital, CHA University Gumi Medical Center, The Catholic University of Korea, Bongseng Memorial Hospital).
The clinician who administered the K-SADS-PL diagnostic interview was blinded to the results of the K-MDQ-A. K-MDQ-A items were summed, yielding a score for each adolescent ranging from 0 to 13. Each possible scoring threshold, in combination with co-occurrence of symptoms and behaviors and with moderate to serious problems caused by symptoms, was assessed based on the results of the K-SADS-PL diagnostic interview to yield sensitivity and specificity.
Instruments
With the assent of the author of the original MDQ-A, the MDQ-A was translated into Korean by a child and adolescent psychiatrist (S.H.S.). This preliminary translated questionnaire was applied to several persons who Values are presented as number only or mean±standard deviation. NS, non-significance.
had no psychiatric illness. The K-MDQ-A was back-translated into English by a bilingual psychiatrist who did not know the original MDQ-A. All authors reviewed and reconfirmed the results before developing the final version. The K-MDQ-A is composed of 3 parts. Part 1 is the K-MDQ-A screens for a lifetime history of manic or hypomanic symptoms using 13 yes/no items. Part 2 enquires whether co-occurrence of symptoms and behaviors has been experienced, and part 3 assesses from "no" to "serious" problems due to symptoms on a 4-point scale. In the original MDQ-A, informants are considered positive for bipolar disorder using a cut-off score of 5 items for the symptoms in part 1, answer "yes" in part 2, and indicate that the symptoms result in "moderate" to "severe" problems in part 3.
Data Analysis
The internal consistency of the K-MDQ-A was evaluated with Cronbach's . For construct validity, we conducted factor analysis with extraction of principal components using varimax rotation. Correlation analyses were conducted between each questionnaire item and the total K-MDQ-A score. We compared the frequency of each questionnaire item and the total K-MDQ-A score between 2 groups with the t test. The optimal cut score was determined by computing the sensitivity and specificity for various cutoff scores. Receiver operating characteristic (ROC) curves were calculated for the K-MDQ-A, together with areas under the curve (AUC) and 95% confidence interval (CI). For the reliability of test-retest, we estimated the Pearson correlation coefficient. Analysis of variance (ANOVA) was used to determine the influence of change in the clinical phase on the total K-MDQ-A score in 33 subjects assessed for test-retest reliability. Statistical significance was set at 0.05 (2-tailed exact tests). Data analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
The demographic and clinical characteristics of adolescents with bipolar disorders and controls are presented in Table 1 The mean hospitalization numbers for adolescents with bipolar disorders bipolar disorder was about 0.6 (range, 0-2), and 45 (44.1%) adolescents had never been admitted before this study.
The K-MDQ-A had good internal consistency (Cronbach's =0.881). Correlation coefficients between each questionnaire and the total K-MDQ-A score ranged from 0.40 ("consumed more alcohol or drugs") to 0.76 ("could not slow down his/her mind or thoughts raced through his/her head") and all of them were statistically significant (p＜ 0.001).
Three factors (composed of 6, 5, and 2 questionnaires) with eigenvalues greater than 1 were extracted from factor analysis, and they explained 61.25% of the total variance. Factor 1 was the group of 6 activation items, accounting for 24.15% of the variance. The remaining 2 factors totally contributed to 37.10% of the variance ( Table 2) .
The frequency of endorsement of each K-MDQ-A questionnaire was from 22.5% to 73.5% in the bipolar group and from 0.9% to 22.6% in the control group (Fig. 1) . The NOS, not otherwise specified; NS, non-significance. highest questionnaire endorsement was given to "felt too good or excited" in adolescents with bipolar disorders and to "felt he/she could do anything" in the control group. In the control group, the frequencies of all items were less than 25%. The endorsements of all questionnaires were significantly higher in the patient group than in the control group. The item "felt too good or excited" differed the most between the two groups (t=11.34, p＜0.001). The score of each item (p＜0.001) as well as the total K-MDQ-A score (7.29±2.86 vs. 1.32±1.81; t=17.99, p＜ 0.001) were significantly higher in adolescents with bipolar disorders than in controls. Sensitivity and specificity analyses were conducted for the K-MDQ-A using K-SADS-PL bipolar diagnosis as the standard. Figure 2 presents the sensitivity and specificity with various cut off scores of the total K-MDQ-A score. In the K-MDQ-A, the parent-reported data yielded a sensitivity of 90% and a specificity of 92% when using a cut-off score of endorsement of 5 items (part 1), indicating that symptoms occurred in the same time period (part 2 [symptoms clustering]) and caused moderate or serious problems (part 3 [functional impairments]). There was no statistical difference in parts 1, 2 and 3 among bipolar I disorder, bipolar II disorder, and bipolar disorder NOS (Table 3) .
ROC plots for the K-MDQ-A are depicted in Figure 2 . Corresponding AUC values were 0.96 (95% CI, 0.94-0.99) at the usual threshold of the 5 endorsed symptoms for the K-MDQ-A.
For the reliability of test-retest, we estimated the Pearson correlation coefficient for the total K-MDQ-A scores with a 10-month interval. The Pearson correlation coefficient for the total K-MDQ-A score was 0.59 (p＜ 0.001). The K-MDQ-A showed excellent test-retest reliability over 10 months. As indicated in Table 4 , the most common change pattern in the clinical phase was euthymic-euthymic (33.3%). ANOVA represented that there were not any significant differences between the two check points of the total K-MDQ-A score in the unchanged (n=21), changed upward (n=3) and changed downward groups (n=9) (F=0.253, degree of freedom=1, p =0.620).
DISCUSSION
In the present study, we translated the MDQ-A 10) into Korean and assessed the validity and reliability of the K-MDQ-A. The original MDQ-A showed good validity and reliability when responses were obtained from parents about symptoms in children and adolescents attending outpatient psychiatric clinics. However, self-report by adolescents and report by others who viewed the adolescent's behavior were less useful in screening for bipolar disorders. Therefore, we just used the parent version of the original MDQ-A. The K-MDQ-A as a screen for bipolar disorders in adolescents was excellent (sensitivity of 90% and specificity of 92%) when parents also indicated that symptoms occurred in the same time period and caused moderate or serious problems in addition to endorsement of 5 items. Similar to the present study, using a cut-off score of the endorsement of 5 items in the original MDQ-A, the parent-reported data yielded a good validity such as sensitivity of 72% and specificity of 81%, which were superior to the values obtained by using self and attribution versions. The using 6 more items in K-MDQ-A as cut score resulted in significant loss of sensitivity in agreement with the original MDQ-A.
Corresponding AUC values of the ROC plots are excellent at the usual threshold of 5 endorsed symptoms for the K-MDQ-A, similar to those in previous studies. For the K-MDQ-A, best discrimination between adolescents with bipolar disorders and controls (best values for sensitivity and specificity) occurred at a cut-off score of 5 positive items with affirmation to parts 2 and 3.
Compared to validation studies of the original MDQ-A for parents and the French version of the MDQ-A 4) for parents, the K-MDQ-A showed better sensitivity (90% vs.
72% [original]/88% [French version]) and specificity (92% vs. 81% [original]/63% [French version]).
The MDQ, a valid instrument for screening of bipolar spectrum disorders in adults, proposed that participants with seven more symptoms and some symptoms occurring at the same time with "moderate" or "serious" problems should be diagnosed as having bipolar disorders.
14)
The optimal cut-off of Chinese version of MDQ in an outpatient psychiatric population in Hong Kong was 7 or more manic symptoms occurring at the same time period without the impairment criterion. 15) On the other hand, In the K-MDQ, 12) 7 more total score without affirmation to parts 2 and 3 was chosen as the best standard in the validation study. The authors proposed the optimal cut-off items that were best standard for each study. The more stringent the criteria, the lower the sensitivity. Compared to validation studies of the all MDQs for adult, the K-MDQ-A displayed better sensitivity.
The factors due to which the K-MDQ-A has better sensitivity and specificity may be associated with participants' characteristics. This study included in-and outpatients attending the training hospitals that treat adolescents and are specialized in mood disorders or child and adolescent psychiatry. Thus, parents had specific education on bipolar disorders. In the original MDQ-A study, there was little information on recruitment; however, it included outpatients and relatively fewer adolescents with bipolar disorders. The French version study included a very low number of adolescents with K-SADS-PL-confirmed bipolar disorders. Although the K-MDQ-A showed excellent validity and reliability, we must carefully consider the followings and use. First, adolescents have relatively non-specific symptoms such as insomnia, physical restlessness, distractibility, racing thoughts, pressured speech, intrusiveness, temper outbursts and irritability. 16) Second, screening tools may detect subthreshold manic symptoms in adolescence but infrequently predict bipolar disorder requiring mental health care use. 17) Third, adolescent subsyndromal bipolar disorder was associated with poor outcomes including major depressive disorder and anxiety disorders in young adulthood, but was not associated with an increased incidence of bipolar disorder. 18) Fourth, bipolar disorder may first manifest in the form of depression. 19) Fifth, the symptoms of bipolar disorder overlap and may be confused with symptoms of other common psychiatric disorders in children including attention-deficit/hyperactivity disorder, oppositional defiant disorder and conduct disorder. 20) The internal consistency of the K-MDQ-A was good and it was consistent with the original MDQ-A. Although the authors of the original MDQ-A briefly reported about sensitivity, specificity, and cut-off value and they did not provide any detailed information on its validation, we analyzed the data that showed various characteristics of validation of the K-MDQ-A. The correlations between each questionnaire and the total score were significant. Factor analysis showed that 3 factors explained 61.25% of the total variance. The factor with the highest eigenvalue consisted of "was so irritable that he/she started fights or arguments with people," "was so easily distracted by things,"
"did many things that were foolish or risky," "could not slow down his/her mind or thoughts raced through his/her head," and "was more interested in sex than usual," which are all activation behavior of manic symptoms. Significant differences in all items and the total K-MDQ-A scores between both groups indicate the powerful discrimination competence of this instrument. These results suggest that the K-MDQ-A should be regarded a valid and reliable screening instrument for Korean adolescents with bipolar disorders.
Because the current mood state of adolescents might affect reports by the parents in the K-MDQ-A, this study assessed test-retest reliability to determine the stability of reports over time. Although the original MDQ-A study was not performed to analyze the reliability of reports over time, the K-MDQ-A exhibited good test-retest reliability over 10 months. The total K-MDQ-A scores were not significantly different according to changes in the clinical phase.
The limitation of this study was that it did not consider screening for bipolar disorders in adolescents within primary care settings and the community. Further study is needed to determine whether the K-MDQ-A would be useful in primary care settings and the community. Another limitation of this study was that there is no report of control group from their parents because they were all well-adjusted academically, physically healthy and showed no signs of psychiatric or developmental problems.
The K-MDQ-A is useful in the early recognition of bipolar disorders in clinical situations. With the K-MDQ-A, the clinician can achieve an early diagnosis, perform appropriate treatment and provide a better prognosis for patients with bipolar disorder. Administration of the K-MDQ-A to parents of adolescents attending a psychi-atric in-or out-patient clinic may facilitate the identification of bipolar disorders in these youths.
In conclusion, the present study developed and validated the K-MDQ-A, a Korean translated Mood Disorder Questionnaire-Adolescent version for parents. The K-MDQ-A was administered to 102 adolescents with bipolar disorder attending in-and outpatient clinics of training hospitals and truly diagnosed as having bipolar disorder using the K-SADS-PL and to 106 controls who had no history of psychiatric diagnosis or treatment. The K-MDQ-A showed good internal consistency. Each questionnaire and the total K-MDQ-A score were significantly correlated. The frequency of each questionnaire and the total score were significantly higher in the adolescents with bipolar disorder than in the controls. In accordance with the original MDQ-A, the sensitivity and specificity were excellent when using a cut-off score of 5 for the total K-MDQ-A score with co-occurrence of endorsed symptoms and functional problems caused by symptoms. These results propose that the K-MDQ-A is an adequate screening instrument for Korean adolescents with bipolar disorders.
